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Comprehensive behavioral analyses of transgenic and knockout mice have successfully identified the
functional roles of many genes in the brain. Over the past 10 years, strategies for mouse behavioral pheno-
typing have evolved to maximize the scope and replicability of findings from a cohort of mutant mice,
minimize the interpretation of procedural artifacts, and provide robust translational tools to test hypotheses
and develop treatments. This Primer addresses experimental design issues and offers examples of high-
throughput batteries, learning and memory tasks, and anxiety-related tests.Introduction
Transgenic and knockout mice have revolutionized biomedical
research. Conventional mutations and recent advances in
constructing anatomically restricted conditional promoters, tem-
porally specific inducible constructs, point mutation knockins,
site-specific viral vector delivery of genes, and RNA silencing
knockdowns present increasingly sophisticated opportunities
for understanding gene function (Thakker et al., 2005; Yasuda
and Mayford, 2006; Farah, 2007; Han et al., 2007; McHugh
et al., 2007; Niewoehner et al., 2007). Applications include dis-
covering the biological function of a new gene, testing hypothe-
ses about a known gene, characterizing a receptor subtype for
which no selective drug exists, and translational mouse models
to develop treatments for human genetic disorders. The key to
success is a robust, well-replicated phenotype. Biochemical, an-
atomical, physiological, pathological, and behavioral assays all
contribute to understanding the consequences of the mutation.
Behavior is the final output of the nervous system.Measures of
behavioral outcomes are therefore essential for mice with muta-
tions in genes expressed in the brain. Behavioral neuroscience
has a long and illustrious literature, containing well-validated
and carefully controlled methods for rodent behavioral testing
of sensory abilities, motor functions, learning and memory,
feeding and drinking, social interactions, drug and alcohol
self-administration, and traits relevant to anxiety, depression,
and schizophrenia (Crawley and Paylor, 1997; Crawley et al.,
2003; Picciotto and Wickman, 1998; Crusio and Gerlai, 1999;
Gold, 1999; Bolivar et al., 2000; Buccafusco, 2000; Anagnosto-
poulos et al., 2001; Bilbo and Nelson, 2001; Geyer et al., 2001;
Gallagher et al., 2003; Crowley et al., 2004; Crabbe et al.,
2005; Crawley, 2007). A searchable database of behavioral traits
in mouse lines is curated by The Jackson Laboratory (JAX Mice
Database and Mouse Phenome Database, www.jax.org).
Rodent behavioral assays are straightforward but require
a high level of attention to detail. For example, mouse behaviors
are sensitive to a host of environmental factors, including
handling, vivarium noise levels, and season. Questions have
been raised about the variability of behavioral results across
laboratories (Crabbe et al., 1999). In fact, when methods are
appropriately conducted, the replicability of behavioral data is
similar to the replicability of results obtained with other biological
techniques (Wahlsten et al., 2003; Crawley et al., 2007; Yanget al., 2007). To ensure accurate interpretations of phenotypes,
strategies have been elaborated for multitiered behavioral
phenotyping of mutant mice (Crawley and Paylor, 1997; Bolivar
et al., 2000; Anagnostopoulos et al., 2001; Bilbo and Nelson,
2001; Branchi et al., 2003; Bailey et al., 2006; Paylor et al.,
2006; Crawley, 2007; Table 1). False positives, i.e., overinterpre-
tations of artifacts, are avoided by the inclusion of relevant con-
trol measures of general health, sensory abilities, and motor
functions. For example, testing sensory and motor abilities will
avoid a misinterpretation of impaired cognition on water maze
learning of visual spatial cues when a physical dysfunction in
vision or swimming is the actual cause (Spencer et al., 1995).
Testing for olfactory abilitieswill avoid amisinterpretation of a so-
cial deficit when a physical inability to detect the smell of other
mice is the actual cause (Leypold et al., 2002). False negatives,
i.e., failing to discover a phenotypic outcome, are avoided by
employing multiple tasks within the behavioral domain. For
example, running several anxiety-related tasks will ensure de-
tection of an anxiety-like trait selective for the more stressful el-
evated plus-maze task (Holmes et al., 2003a; Bailey et al., 2007).
Experimental Design
Group Sizes
Behavioral testing begins with the breeding of the first chimera
that incorporates germline transmission of the targeted muta-
tion. The best breeding strategy is heterozygote matings, to gen-
erate the correct comparison groups for the null mutants, i.e.,
their wild-type and heterozygote littermates with identical par-
ents and housing environments. Large numbers per group are
generally required. Large Ns serve to average out home cage
factors that influence behavior, such as differential parental
care and dominance hierarchy status. N = 10–20 mice per geno-
type are commonly needed to detect moderate behavioral differ-
ences using standard multivariate statistical analyses such as
multiple and repeated-measures analysis of variance, followed
by appropriate post hoc tests such as Newman-Keuls, Dun-
nett’s, and Bonferroni-Dunn. When behavioral results from
males and females are not significantly different, data from the
two sexes can be combined, to increase the total Ns. When
behavioral results from males and females differ, N = 10–20 of
each sex and each genotype may be required. If breeding
cage space is limited, smaller groups may be bred sequentially,Neuron 57, March 27, 2008 ª2008 Elsevier Inc. 809
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Phenotypes of Commonly Used Inbred Strains of Mice on Anxiety-Related Tests
Anxiety-Related Task High Anxiety-like Traits Medium Anxiety-like Trait Low Anxiety-like Traits
Elevated plus-maze 129/SvEv8 C3H2,9 FVB/N5,7
129/SvJ7 C57BL/6J4,5,7,8,9
A/J4,7,9 CBA/J7
BALB/cByJ7 DBA/2J2,7
NZB/OlaHsd2 Swiss-Webster8
Light4dark exploration 129S1/SvImJ1 129/SvEv9 FBV/N1,5
129S6/EvTac1 C3H/HeJ1 SJL/J2
A/J1,4,6 C57BL/6J1,2,3,4,5,6 NZB/Ola/Hsd2
BALB/cByJ1,2,3 CD1-ICR1
DBA/2J1,2 Swiss-Webster8
Stress-induced hyperthermia C57BL/6J1,10 129S1/SvImJ1 129S6/EvTac1
C3H/HeJ1 129/SvEvTac10 DBA/2J1
A/J1 FVB/NJ1
BALB/cByJ1
Swiss-Webster10
Vogel thirsty-lick conflict test A/J4 C57BL/6J4 Swiss Webster/Harlan4
1Bouwknecht and Paylor, 2002; 2Griebel et al., 2000; 3Crawley and Davis, 1982; 4van Gaalen and Steckler, 2000; 5Voikar et al., 2001; 6Mathis et al.,
1995; 7Ducottet and Belzung, 2005; 8Rodgers et al., 2002; 9Trullas and Skolnick, 1993; 10Van Bogaert et al., 2006.and their data combined, as long as the wild-type controls are
not significantly different across cohorts. Behavioral data from
several groups across a range of ages can often be combined,
because adult mice between the ages of 2 and 6 months display
similar scores onmany behavioral tasks. As in any other research
area, initial behavioral findings are subsequently replicated,
using a second independent batch of mice of similar Ns, tested
on the same tasks. Confirmation of a phenotype across indepen-
dent cohorts of mice, and across laboratories, provides themost
compelling evidence for the functional outcome of the mutation.
Background Strains for Breeding the Mutation
Each inbred strain of mice has its own constellation of back-
ground genes that influence its traits. Behavioral traits attribut-
able to alleles inherent in the inbred strain’s genomemay interact
directly and indirectly with the targeted gene mutation. For
example, Alzheimer’s transgenic mice expressing the Swedish
amyloid precursor protein mutation displayed amyloid plaques
and memory deficits when the mutation was bred into B6xSJL
and 129S6 background strains, but not when bred into genetic
backgrounds containing the FVB/N strain, related to the prema-
ture death of APP Tg2576 transgenics on FVB backgrounds
(Ryman and Lamb, 2006). Serotonin transporter null mutants
displayed anxiety-like phenotypes when backcrossed into
C57BL/6J, but not when backcrossed into 129/SvEvTac
(Holmes et al., 2003b). Phenotypic differences obtained when
a mutation is systematically bred into two different background
strains may lead to the discovery of protective or susceptibility
gene(s) that rescue or exacerbate the phenotypic outcome of
a mutation (Bolivar et al., 2001).
For the initial evaluation of a newmutation, the breeding strain
is selected to maximize the chances of detecting the hypothe-
sized phenotype. The general principle is to avoid strains with
extreme traits, which could produce ceiling or floor effects that810 Neuron 57, March 27, 2008 ª2008 Elsevier Inc.mask the outcome of the mutation. If the gene of interest is
hypothesized to enhance learning and memory, a background
strain with moderate cognitive abilities is best, so that muta-
tion-induced increases in cognitive performance are detectable.
The behavioral neuroscience literature contains extensive char-
acterizations of inbred strain distributions for many behavioral
traits from which to choose the optimal breeding strain to
address specific hypotheses (Wehner and Silva, 1996; Crawley
et al., 1997; Griebel et al., 2000; Brooks et al., 2004; Bothe
et al., 2005; Crabbe et al., 2005; Crawley, 2007; www.jax.org;
Table 1). C57BL/6J is generally average on many behavioral
phenotypes of interest to neuroscientists and is therefore com-
monly used as the background breeding strain.
Many conventional knockouts are generated from 129 embry-
onic stem cell lines, inserted into blastocysts of another strain,
and bred into a third strain. Chimeras and founder lines are there-
fore of mixed genetic backgrounds. In addition, flanking genes
from the original DNA construct may travel with the targeted
gene mutation, obscuring the cause of the phenotype (Schalk-
wyk et al., 2007). To reduce the variability inherent in mixed
backgrounds and eliminate flanking genes, themutation is back-
crossed into the breeding strain of choice. Approximately ten
backcross generations achieve approximately 99% homozy-
gosity (Collins et al., 2003). Speed congenics, using marker-
assisted screening, reduces the required number of generations
to approximately five (Markel et al., 1997; Collins et al., 2003).
The need to backcross the mutation into a pure genetic back-
ground is dictated primarily by the signal-to-noise ratio. Often,
a robust behavioral phenotype caused by the targeted gene
mutation is detectable over and above the behavioral variability
caused by the mixed genetic background, obviating the need
for backcrosses. Availability of C57BL/6J embryonic stem cell
lines (Auerbach et al., 2000; Ware et al., 2003) now allows the
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Large-scale consortia are increasingly using the C57BL/6J
background strain to generate and breed mutations, e.g., the
BAC transgenics in the Gene Expression Nervous System Atlas
project (http://www.ncbi.nlm.nih.gov/projects/gensat).
Behavioral Assays
Discovering the phenotypic outcome(s) of a gene manipulation
is an endeavor that can be completed in 1 day, several months,
or the rest of your career. A battery of simple yes-or-no ratings
may be sufficient for high-throughput screening and to identify
leads to pursue further. Comprehensive characterization of
a new mutant line encompasses initial quick observational
measures, three or more corroborating tests focused on each
of the hypothesized functions of the gene, and a careful evalu-
ation of relevant control abilities. Illustrations of multiple behav-
ioral tests, representative data, and relevant background litera-
ture are offered below for two representative behavioral
domains.
Behavioral Batteries
Quick observational screens are available to rapidly assess
general health, body weight, posture, appearance of the fur
and whiskers, neurological reflexes, developmental milestones,
home cage activity levels, sleeping patterns, and reactions to
handling (Irwin, 1968; Moser et al., 1995; Crawley and Paylor,
1997; Rogers et al., 1997; Nolan et al., 2000; Galsworthy et al.,
2005a; Bailey et al., 2006; Paylor et al., 2006; Crawley, 2007).
Major physical abnormalities may indicate that mice are sick or
physically unable to perform the procedural aspects of more
complex behavioral tasks. Simple tests for neurological and
sensory reflexes include forepaw reach, eye blink, ear twitch,
whisker twitch, startle, toe pinch, and righting reflexes. Stan-
dardized screens often incorporate one test for each of many
domains of interest (Rogers et al., 1997; Nolan et al., 2000;
Brunner et al., 2002; Goldowitz et al., 2004; Paylor et al., 2006;
Schneider et al., 2006; Takao et al., 2007; Crawley, 2007). The
sequence of testing a cohort of mice progresses from least
to most stressful, e.g., open-field locomotion, neurological
reflexes, hot plate for analgesia, acoustic startle for hearing, pre-
pulse inhibition for schizophrenia-related sensorimotor gating,
and fear-conditioned learning and memory. The elevated
plus-maze test for anxiety-like traits is conducted first because
of its sensitivity to prior experience (Holmes and Rodgers,
2003). Examples of normal measures of general health, neuro-
logical reflexes, sensory abilities, and motor functions (Bailey
et al., 2007) are summarized in Table 2.
Phenotypes detected in test batteries frequently reveal motor
dysfunctions. Amotor deficit may be the trait of greatest interest,
as seen in mouse models of Parkinson’s disease, Huntington’s
disease, dystonias, ataxias, and amyotrophic lateral sclerosis
(Barlow et al., 1996; Carter et al., 1999, 2003; Kaspar et al.,
2003; Hickey et al., 2005; Jinnah et al., 2005; Morton et al.,
2005; Fleming and Chesselet, 2006; Crawley, 2007; Figure 1).
Locomotion and general exploration are usually assayed in an
automated open field consisting of a Plexiglas chamber arrayed
with photobeams along the walls. As the mouse walks around
the arena, beam breaks are recorded and converted by the
software into parameters including horizontal activity, verticalactivity, total distance traveled, and time spent in the center. Ex-
ploration of a novel environment is scored during the first 5 min.
Habituation to novelty is scored as the decrease in exploration
across a longer test session, e.g., 60 min. Circadian activity pat-
terns are scored across 24–72 hr sessions. Coordination and
balance are assayed by latency to fall from an automated accel-
erating rotarod. Neuromuscular strength is measured with a grip
test that scores latency to fall from a hanging wire, or resistance
to limb pull in an automated strain gauge. Ataxia, tremor, and
balance are evaluated by latency to cross a balance beam,
from a brightly lit platform into a dark enclosure, and the number
of footslips off the edge of the beam. Gait ataxia is detected by
footprint analysis. The paws are painted with black ink or two
colors of nontoxic paint. The mouse walks across white paper,
Table 2. Behavioral Battery of Simple Observational Tests for
General Health, Neurological Reflexes, Sensory Abilities,
and Motor Functions
Observational Battery, Galanin Receptor Subtype GalR2
Knockout Mice
+/+ n = 22 +/ n = 23 / n = 19
General Health
Body weight 25.6 ± 0.4 27.1 ± 0.5 27.2 ± 0.9
Body temperature 36.0 ± 0.3 35.6 ± 0.2 36.3 ± 0.2
Fur condition (3 pt scale) 2 2 2
Bald patches (%) 23 26 16
Missing whiskers (%) 68 43 21
Piloerection (%) 0 0 0
Body tone (3 pt scale) 2 2 2
Limb tone (3 pt scale) 2 2 2
Positional passivity (%) 23 8 21
Trunk curl (%) 100 100 100
Sensory Reflexes
Visual forepaw
reach (%)
100 100 100
Eye blink (%) 100 100 100
Ear twitch (%) 100 95 95
Whisker twitch (%) 100 100 100
Toe pinch (%) 82 79 83
Hot plate (latency, sec) 3.5 ± 0.7 4.2 ± 0.7
Tail flick (latency, sec) 1.7 ± 0.5 2.6 ± 0.9
Motor Abilities
Righting reflex (%) 100 100 100
Open field (beam breaks)
Horizontal activity 1982.8 ± 206 1717.0 ± 161 2189.2 ± 229.6
Vertical activity 1.6 ± 0.7 2.4 ± 1.6 1.9 ± 0.9
Total distance 888.2 ± 156 621.5 ± 85 1046.9 ± 160
Center time (% time) 7.4 ± 3 6.4 ± 2 3.3 ± 1
Rotorod (latency, s) 129.7 ± 9 127.8 ± 10 115.7 ± 18
Representative data from galanin receptor subtype GalR2 null mutant
(/), heterozygote (+/), and wildtype (+/+) littermate mice. No signifi-
cant differences between genotypes were detected on any parameter.
Adapted from Bailey et al., 2007; tests described in Crawley, 2007.
Data are expressed as mean ± SEM.Neuron 57, March 27, 2008 ª2008 Elsevier Inc. 811
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in stride length and pattern. Thorough phenotyping of motor
functions involves running a cohort of mice through a range
of motor tasks, such as the combination of open-field
locomotion, rotarod coordination, grip strength, and footprint
tests (Barlow et al., 1996; Carter et al., 1999; Bailey et al.,
2007). For example, mouse models of amyotrophic lateral scle-
rosis with mutations in the gene for superoxide dismutase
were characterized by corroborative motor deficits including im-
pairments on the righting reflex, rotarod, and hanging wire tests
(Lalonde and Strazielle, 2003; Rothstein, 2003; Amendola et al.,
2004; Miana-Mena et al., 2005) and reversed by treatments in-
cluding viral vector delivery of insulin-like growth factor 1 and
glial cell line-derived neurotrophic factor (Wang et al., 2002; Kas-
par et al., 2005).
Cognition
The wealth of available learning and memory tasks enables
a comprehensive evaluation of cognitive abilities in rodents
Figure 1. Representative Equipment and Data for
Assaying Motor Functions in Mice
(A) Photocell-equipped automated open field for exploratory
locomotion.
(B) Open-field activity in GABAB1 receptor null mutant (/)
and wild-type control (+/+) mice, showing higher initial explor-
atory activity in the mutants during the early novelty phase
(from Mombereau et al., 2004).
(C) Accelerating rotarod for motor coordination and balance.
(D) Rotarod latencies to fall in R6/2 Huntington’s (TG) andwild-
type control (WT) mice, showing significant impairments in the
mutant mice by 8.5 weeks of age (from Hickey et al., 2005).
(E) Footprint pattern in 13-week-old wild-type (top) and
Huntington’s R6/2 mice (bottom) (from Carter et al., 1999).
(F) Footprint stride lengths were longer in wild-type (white
circles) than in Huntington’s R6/2 mice (black circles) by age
8.5 weeks (from Carter et al., 1999).
(G) Force transducer to assay muscle grip strength (from
Columbus Instruments, Columbus, OH).
(H) Forelimb grip strengths in R6/2 Huntington’s (TG) and wild-
type control (WT) mice, showing significantly reduced grip
strength in the mutants by 7 weeks (from Hickey et al., 2005).
Photographs shown in panels (A) and (C) are by Janet
Stephens and John Ward, NIH Macrophotography, contrib-
uted by the author. Data are expressed as mean + SEM.
(Wenk, 1997; Eichenbaum, 2002; LeDoux, 2004;
Galsworthy et al., 2005b; Locurton et al., 2006;
Crawley, 2007; Kesner and Martinez, 2007;
Figure 2).
(1) Spatial navigation tasks include the Morris
water maze (Morris, 1984; Logue et al., 1997;
Lipp and Wolfer, 1998; D’Hooge and de Deyn,
2001), Barnes maze (Harrison et al., 2006), radial
maze (Wenk, 1997; Sluyter et al., 2005), and T
maze (Wenk, 1997; Barnes et al., 2004). Spatial
learning tasks are designed to be easy or difficult
for the mouse to solve. Large numbers of massed
and spaced training trials per day shorten the learn-
ing curve in the wild-type controls to a few days in
order to allow detection of impairments. Fewer
daily training trials lengthen the learning curve to
several weeks to detect mutation-induced im-
provements in acquisition. More challenging tasks require the
mouse to time or delay its response, recognize varying sets of
novel objects in specific locations, or form a cognitive map of
a complex spatial environment. In Morris water maze tasks,
learning based on external environmental landmarks is con-
firmed by a probe trial in which the training platform is removed
from the pool. If the mouse spends more of the probe trial swim-
ming around the former platform location, then the mouse had
solved the task by internalizing a cognitive map of the environ-
ment. Probe trials at later time points, with or without retraining,
to the same or different locations,measure components ofmem-
ory, forgetting, extinction, and perseveration.
(2) Aversive learning tasksmeasure fear responses after an un-
pleasant stimulus. Passive avoidance scores the latency to enter
the sideof a chamber inwhich a footshockwaspreviously admin-
istered (Sarter et al., 1992; Wehner and Silva, 1996). Contextual
and cued fear conditioning quantitates freezing, a species-spe-
cific fear response to the identical environment in which mild812 Neuron 57, March 27, 2008 ª2008 Elsevier Inc.
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Data for Assaying Learning and Memory
in Mice
(A) Morris water maze for spatial learning and
memory.
(B) Water maze probe trial data showing normal
selective quadrant search for the previously
trained platform quadrant location in nontrans-
genic controls (non-tg) and controls vaccinated
with Ab cDNA. Tg2576 Alzheimer’s transgenic
mice failed to display selective search for the
trained quadrant. Ab cDNA vaccination restored
selective quadrant search in the Tg2576 mice
(from Mouri et al., 2007).
(C) Fear-conditioning equipment. Aversive training
chamber (left) for context memory, and triangular
novel environment (right) for cue memory.
(D) Normal fear-conditioned freezing in calcineurin
mutantmice (white bars) as compared towild-type
controls (black bars) before training, in the same
context where mild foot shock was previously re-
ceived, in a new context before the onset of the
tone cue, and during the tone cue previously asso-
ciated with the mild foot shock (from Zeng et al.,
2001).
(E) Operant touch screen chamber with a choice
between a star and a linear array of dots (Photo-
graph contributed by Dr. Andrew Holmes, NIAAA,
NIH, Rockville, MD).
(F) Acquisition and reversal of the touchscreen vi-
sual discrimination task by standard C57BL/6J
mice (from Izquierdo et al., 2006).
Photographs shown in panels (A) and (C) are
by Janet Stephens, NIH Macrophotography,
contributed by the author. Data are expressed as
mean + SEM.footshocks were received 1 day earlier or to a different environ-
ment containing an auditory cue that was previously paired with
footshock (LeDoux, 2004; Fanselow and Poulos, 2005). Eyeblink
conditioning measures the electromyogram, eyeblink, or head
turn response to a tone or light that was previously paired with
mild periorbital shockor air puff (KimandThompson, 1997; Skos-
nik et al., 2007). Fear-conditioned startle detects the amplitude of
whole-body flinch to a sudden loud tone, light, or odor that was
previously paired with footshock, modeling components of
post-traumatic stress disorder (Davis, 2006). Taste aversion
measures avoidance of a food source that was previously paired
with an unpleasant internal cue, such as an intraperitoneal dose
of lithium chloride (Janus et al., 2004; Shema et al., 2007).
(3) Olfactory learning and memory tasks are particularly well
suited to mice, a species that relies on olfaction for detecting
environmental and social cues (Leypold et al., 2002). Acquisition
and retention of odor discriminations are measured in operant
chambers with specialized odor delivery ports (Larson et al.,
2003; Petrulis et al., 2005; Wesson et al., 2006).
(4) Recognition memory is scored as time spent exploring
familiar versus novel objects, smells, tastes, or social partners
in distinct spatial locations (Ferguson et al., 2002; Fedulov
et al., 2007; Dere et al., 2007; Tse et al., 2007).
(5) Motor learning is evaluated for improvement on the rotarod
across repeated training sessions (Carter et al., 2003).(6) Operant learning of a reinforcement schedule, originally
developed for rats, has been adapted for mice by using a smaller
operant chamber and converting the response lever to a photo-
cell-equipped nose-poke hole. Mice have been successfully
used in simple autoshaping, fixed ratio, fixed interval, variable
ratio and interval, delayed nonmatching to sample working
memory, serial implicit learning, and attentional operant tasks
(Barrett and Vanover, 2003; Humby et al., 2005; Wrenn et al.,
2006; Trueman et al., 2007). Recent advances in the develop-
ment of a touchscreen for mouse operant chambers incorporate
equipment that is remarkably similar to touchscreens used in
human cognitive research (Bussey et al., 2001; Izquierdo et al.,
2006; Morton et al., 2006).
(7) Complex intradimensional and extradimensional set-shift
tasks are performed by mice with food reinforcers buried in
various substrates and containers and with operant touchscreen
equipment (Brigman et al., 2005; Garner et al., 2006).
Combinationsof threeormorecognitive taskswithdiversesen-
sory and motor demands, e.g., running a set of mice through
water maze spatial navigation, fear conditioning, and schedule-
induced operant learning, will strengthen findings of fundamental
cognitive abnormalities in the mutant line. Rodent models with
deficits on many cognitive tasks support hypotheses about
Alzheimer’s symptoms exacerbated by Ab1-42, aberrant
glutamate neurotransmission, overexpression of galanin,Neuron 57, March 27, 2008 ª2008 Elsevier Inc. 813
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(A) Elevated plus maze apparatus.
(B) Neuropeptide Y receptor Y1R knockout mice (/) and wild-type littermates (+/+) microinjected with vehicle (0, white bars), neuropeptide Y 0.5 nmole (gray
bars), or neuropeptide Y 1.0 nmole (black bars) on the elevated plus-maze. The increase in open arm entries and open arm time after NPY agonist treatment
showed that the peptide exerted an anxiolytic action when the Y1R receptor was present but not when the Y1R was absent. Total entries, the control measure
for locomotion, did not differ between genotypes (adapted from Karlsson et al., 2008).
(C) Light4 dark exploratory transitions apparatus.
(D) GABAB1 receptor null mutant (/) mice displayed fewer transitions, less time in the brightly lit compartment, and faster latencies to enter the dark compart-
ment, indicating an anxiety-like phenotype, as compared to heterozygote (+/) and wild-type control (+/+) mice (from Mombereau et al., 2004).
Data are expressed as mean + SEM.neurodegeneration, neuroinflammation, etc., and have contrib-
uted to evaluating treatments with cholinesterase inhibitors, Ab
immunotherapy and RNA silencing, inactivation of b-secretase
and presenilin 1, and reduced tau protein (Sarter et al., 1992;
Steiner et al., 2001; Saura et al., 2005; Ashe, 2006; Morgan,
2006; Rosi et al., 2006; Farah, 2007; Kobayashi et al., 2007;
Matsuoka et al., 2007; Roberson et al., 2007). For example, oral
immunization against Ab with a viral vector containing Ab cDNA
effectively prevented the accumulation of amyloid in 13-month-
old APP transgenic mice and effectively prevented cognitive
impairments on the Morris water maze, novel object recognition,
and contextual fear-conditioning tasks (Mouri et al., 2007). Rever-
sal or prevention of learning and memory deficits in several
complementary tasks corroborates the efficacy of a proposed
treatment in a preclinical model, justifying the consideration of
a clinical trial.
Anxiety-like Behaviors
Anxiety-related tasks for mice are generally approach-avoid-
ance conflicts, incorporating analogies to human anxiety symp-
toms (face validity) and selectivity for known anxiolytic drugs
(predictive validity) (Crawley, 1989; File, 1997; Holmes, 2001;
Figure 3). Widely used mouse assays for anxiety-related
behaviors include the elevated plus-maze, elevated zero-maze,
light4 dark exploration, open-field emergence, marble burying,
shock-probe burying, stress-induced hyperthermia, and the
operant Vogel thirsty-lick conflict test (Crawley, 1981; Lister,
1987; File, 1997; Griebel et al., 2000; van Gaalen and Steckler,
2000; Holmes, 2001; Voikar et al., 2001; Bouwknecht and Paylor,
2002; Ducottet and Belzung, 2005; Spencer et al., 2005; Bailey
et al., 2007). The 5 min elevated plus-maze incorporates
a built-in control for general motor activity, the total number of814 Neuron 57, March 27, 2008 ª2008 Elsevier Inc.arm entries. Automated and hand-scored versions are commer-
cially available. Corroborating results from three ormore anxiety-
related tests employing divergent modalities strengthens the
interpretation of an anxiety-related phenotype or anxiolytic
drug response.
Conclusions
How many tests are necessary? Are there ‘‘gold standard’’ be-
havioral tasks that everyone should use to phenotype their
knockout mice? The short answer is no. Standardized screens
that rely on a small number of fast, automated tests are useful
for large-scale phenotyping. More in-depth basic research
adds multiple corroborating tests to specifically address the
investigator’s hypotheses. Experimental design and choice of
tests are optimized for the specific research project.
While the primary literature provides detailed methods, many
behavioral tasks are complex and best learned through hands-
on training. A formal collaboration with an expert behavioral neu-
roscience laboratory enables molecular geneticists to generate
high-quality behavioral results using accepted methodologies,
especially when an internal investment in behavioral equipment
and personnel training is impractical. The collaborative and
multidisciplinary nature of neuroscience is ideally conducive to
explicating the role of a gene at behavioral, neuroanatomical,
neurochemical, and neurophysiological levels, across develop-
mental ages.
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